Abstract. Atomic C:N ratios in calanoid copepods were generally below the Redfield ratio (6.6), except for the fifth copepodid stage of Calanus sp. The C:P ratios in copepods were generally close to, or higher than the Redfield ratio of 106, but low C:P ratios were found in Acartia clausi (63 ± 7) and in the cladocerans (Podon sp.: 34 ± 5 and Evadne sp.: 59 ± 22).
analysis, or on small P-free plastic plates for P analysis. The number of animals for each sample varied with the size of the animal, and ranged from 1 to 11. Generally four replicates were analysed, although this number varied with availability of animals (Table II) . C:N analysis was performed on a Carlo-Erba CHN elemental analyser, while P was analysed after persulfate (10 g I 1 ) digestion (1 h, at 120°C) on an Autoanalyzer (Chemlab). As both analyses destroy the samples, C:P ratios were calculated from P-content measured in each sample related to the mean C content for the particular species and stage at the same sampling occasion. Similar calculations were done for N:P ratios.
The C:P ratios recorded for the calanoid copepods were generally close to, or above the Redfield ratio for zooplankton of 103 (Redfield et al., 1963) (Table II) . There were, however, some notable exceptions for female Acartia clausi and Centropages sp. in May, which showed high phosphorus content both compared to carbon (C:P ratios of 63 ± 7 and 88 ± 21, respectively) and nitrogen (N:P ratios of 8 ± 1 and 13 ± 3, respectively, compared to the Redfield ratio of 16) (Table II) . Similarly, the C:P and N:P ratios in Pseudocalanus sp. females were lowest in May, when they were close to Redfield ratios.
Although existing data on phosphorus content for individual marine copepods are scarce, there are some data from frozen (Butler et al., 1969; Ikeda and Mitchell, 1982) and fixed material (Curl, 1962) , and phosphorus content might well have been underestimated (see Table I ). The overall mean calculated by Bamstedt (1986) for these previous reported phosphorus contents in species like Calanus spp., Metridia sp. and Pseudocalanus sp. (0.76% P of dry weight), gives a C:P ratio by atoms of 152 (by assuming a carbon content of 45% of dry weight), which is in the upper range of what was found for the same genera in the Oslofjord. Except for the high N:P ratio for Calanus spp. CVs in May, the ratios found in the Oslofjord correspond well with those found by Butler et al. (1969) in Clyde and the English Channel for Calanus finmarchicus and Calanus helgolandicus.
The copepods from the Oslofjord generally had lower C:P ratios than freshwater copepods, and were more in the range of freshwater daphnids which have high phosphorus content compared to other taxa (Andersen and Hessen, 1991; Hessen and Lyche, 1991) . Cladocerans in marine systems do not have the same unique position as their freshwater relatives, but can be abundant in surface layers (Kaartvedt and Nordby, 1992) . Cladocerans analysed in this study, Evadne sp. and Podon sp., displayed low C:P ratios of 59 ± 22 and 34 ± 5, respectively (Table II) . 4.8 ± 0.7 5.9 ± 0.4 8.6 ± 2.7 8.9 ± 4.7 9.2 ± 2.5 11.6 ±0.4 4.9 ± 0.2 5.4 ± 0.5 4.9 ± 0.3 8.6 ±1.1 10.6 ± 0.8 6.1 ± 0.5 6.9 ± 0.3 6.5 ± 0.5 5.2 5.7 ± 0.9 5.7 ± 0.5 6.1 ± 1.0 5.9 ± 0.6 6.9 ± 1.5 5.8 ± 0.6 5.1 ± 0.2 (8) * collected from deep hauls C:P ratios calculated from mean carbon value for each species, date and sex divided by each phosphorus measurement. Similar calculations for N:P ratios, n repl; number of replicates, n cop; total number of copepods analysed. Same sample sizes for C:P and N:P ratios.
Podon sp. even seems to have higher relative phosphorus content than the daphnids (Andersen and Hessen, 1991; Hessen and Lyche, 1991) . C:N ratios in marine copepods are relatively low and invariable for medium latitude species (C:N ratio mainly between 3 and 4) and somewhat more variable, attaining high values for high latitude species (C:N ratio between 3 and 13) (Bamstedt, 1986 ). In the Oslofjord the majority of ratios were found to be between 4 and 7.5, with some observations between 8 and 12.5 (Table II) . The upper range of values was mainly due to Calanus spp. overwintering stages, but also Pseudocalanus sp. males displayed high C:N ratios. High latitude species experience a vari-able physical and trophic environment, thus some species accumulate lipids during periods of high food abundance, rest during winter, and invest the stored lipids in reproductive tissue in late winter the following year. Less lipid is used for basal metabolism through the winter (Sargent and Henderson, 1986) . This is reflected in high C:N ratios during summer in C.finmarchicus, and during autumn in Metridia longa in Balsfjorden, while the ratios drop during late winter up to the spring bloom (Tande, 1982; Gr0nvik and Hopkins, 1984) . Corresponding seasonal differences have also been reported for Calanus cristatus and Calanus pacificus from northern Pacific Ocean (Omori, 1969) . In contrast to the fifth copepodid stage, the females of Calanus spp. displayed low, and fairly rigid, C:N ratios indicating that their preadult lipid stores were allocated to moulting and reproduction.
The phosphorus content was more variable than the nitrogen content in female copepods, and differed between species (Figure 1) . However, significant difference among copepods was only found between Acartia clausi and Pseudocalanus Table I ), n repl = 6-57. Box-plots with 10,25,50,75 and 90th percentile shown.
sp. (Sheffes multiple comparison, P < 0.05). The significant differences between the cladocerans and female copepods (Sheffes multiple comparison, P < 0.05 except between Evadne sp. and Acartia sp.) (Figure 1 ) are in accordance with results on freshwater zooplankton (Andersen and Hessen, 1991) , and again stress the fact that the species composition of the zooplankton compartment is important for the pool sizes of N and P allocated in zooplankton biomass. C:N:P ratios in algae only approach Redfield ratios when algae grow at near maximum rates (Goldman et al, 1979; Ki0rboe, 1989) . This affects copepod food intake, and preferences for fast growing algae (Cowles et al, 1988) may pay off as an increase in fecundity (Ki0rboe, 1989) . From a stoichiometric point of view it should also be beneficial for crustaceans to prey upon protozoa, as these have a more conservative stoichiometry that matches that of the crustaceans (Goldman et al, 1987; Stoecker and Capuzzo, 1990; Nakano, 1994) .
Different elemental composition among zooplankton and their prey will affect the release of nutrient compounds (Butler et al., 1969; Gerber and Gerber, 1979; Le Borgne, 1982; Checkley and Entzeroth, 1985) and the share of these elements in the zooplankton pool (Elser and George, 1993; Gismervik, 1997) . The composition of the zooplankton community will affect the distribution of nutrients in the food web, as the elemental composition differs among zooplankton taxa. For example, in Daphnia dominated freshwater systems, more phosphorus will be allocated to the zooplankton pool, compared to when copepods are dominant (Elser et al, 1988) . The N:P ratios differ between trophic levels (Le Borgne, 1978) . C:N and C:P ratios in carnivorous zooplankton and nekton are low compared to its zooplankton food (Omori, 1969; Malej et al, 1993) . This concomitantly higher demand for nitrate-and phosphorus-rich food at higher trophic levels indicates that more N and P compared to C may be retained in organic material, and less is regenerated as inorganic nutrients. In tropical oceans however, there seems to be small differences in elemental ratios in both phytoplankton and different trophic levels of zooplankton and fish (Gorsky et al, 1988) . This would imply a more uniform regeneration of elements in tropical oceans in contrast to temperate oceans.
